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(57) ABSTRACT

A shift gearbox (1) has two gears. An input shaft (2) of the
gearbox (1) can be driven by an electric machine (3). The
input shaft (2) is connected via at least one single-direction
clutch (4) to an output shaft (5) of the gearbox (1). A planetary
stage (6) arranged parallel to the clutch (4) is connected to the
output shaft (5) of the gearbox (1) for driving a wheel (30) of
a motor vehicle, or an axle (7) that has wheels (30). The
planetary stage (6) is switchable. A shift gearbox of this type
permits simple shifting of the gears of the gearbox while
being of simple design.

16 Claims, 2 Drawing Sheets
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1
SHIFT GEARBOX FOR USE WITH AN
ELECTRIC MACHINE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 USC 119 to Ger-
man Patent Appl. No. 10 2012 102 161.1 filed on Mar. 5,
2013, the entire disclosure of which is incorporated herein by
reference.

BACKGROUND

1. Field of the Invention

The invention relates to a shift gearbox having two gears.
An input shaft of the gearbox can be driven by an electric
machine, and the input shaft is connected via at least one
single-direction clutch to an output shaft of the gearbox.

2. Description of the Related Art

A known shift gearbox is used in conjunction with an
electric machine with a rotor shaft that holds first and second
spur gears. The first spur gear is connected fixedly to the rotor
shaft and the second spur gear can be connected rotationally
conjointly to the rotor shaft when a clutch is closed. The first
spur gear meshes with a third spur gear that is mounted, via a
freewheel, on a second shaft. The second shaft rotationally
conjointly holds a fourth spur gear that engages with the
second spur gear of the rotor shaft that can only be activated
by the clutch. The shaft to which the freewheel of the gearbox
is assigned rotationally conjointly holds a fifth spur gear that
interacts with a gearwheel of a differential. Two wheels at the
sides of amotor vehicle are assigned to two axle sections ofan
axle of the motor vehicle and can be driven via the differen-
tial.

A disadvantage of the configuration of this known shift
gearbox is that the spur gears mounted on the rotor shaft are
engaged permanently with the spur gears ofthe shaft arranged
parallel to the rotor shaft.

The freewheel used in the gearbox is a single-direction
clutch. If the other clutch is closed, the spur gear assigned to
the clutch is connected rotationally conjointly to the rotor
shaft, and the shaft arranged parallel to the rotor shaft is
driven at such an angular velocity that the freewheel is over-
taken. Accordingly the torque is transmitted with the free-
wheel being bypassed.

It is an object of the invention to develop a shift gearbox so
that simple shifting of the gears of the gearbox is possible
with a simple design.

SUMMARY OF THE INVENTION

The invention relates to a shift gearbox where a switchable
planetary stage is arranged parallel to the clutch and is con-
nected to the output shaft of the gearbox for driving a wheel or
an axle.

The planetary stages or the planetary gear set rotates as a
block. Thus, there is a power flow only via the single-direc-
tion clutch in the first gear. Switching to immobilize the
planetary stage causes the shift into the second gear so that the
single-direction clutch then is overtaken.

The shift gearbox is configured so that the input shaft is an
intermediate shaft, and a rotor shaft of the electric machine is
connected to the intermediate shaft via a spur gear stage or a
planetary stage.

The single-direction clutch may be of various designs, such
as a clutch with non-positively locking or positively locking
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action. The clutch, for example, may be a freewheel or a
switchable clutch, such as a jaw clutch.

A switchable clutch may be designed to act in one direction
of rotation in one switching position and to act in the opposite
direction of rotation in another switching position. This
design permits recuperation in one gear so that the electric
machine can operate in a generator mode. The single-direc-
tion clutch permits a transmission of a torque only when the
electric machine is in a motor mode. However, a modified jaw
clutch enables a torque to be introduced into the electric
machine in the opposite direction of rotation. This however
requires a switchable design of the clutch.

The planetary stage preferably is designed so that the input
shaft can, by means of the clutch, be placed in operative
connection with an internal gear or an internal gear carrier of
the planetary stage that is arranged parallel to the clutch. The
internal gear or the internal gear carrier is connected to the
output shaft of the gearbox. The internal gear carrier has
external toothing that interacts with a gearwheel, such as a
spur gear, that is connected rotationally conjointly to the
output shaft.

The switching of the planetary stage may be realized in a
variety of ways. However, it would be particularly advanta-
geous if a sun gear of the planetary stage is immobilized for
shifting the gears. The sun gear preferably is immobilized by
an actuator, such as a brake and particularly a dry-running
brake.

The shift gearbox may function for driving wheels
arranged on both sides of the motor vehicle. Here, the output
shaft interacts with a differential of two axle sections of the
axle of the motor vehicle.

The shift gearbox also may function for driving a single
wheel. Thus, two wheels of the same axle of the motor vehicle
can be driven independently of one another by mirror-sym-
metrically arranged shift gearboxes. The planetary stages, in
particular the sun gears, of the different powershift gearboxes
can be immobilized jointly. An individual-wheel drive thus is
realized, with two electric machines acting respectively on
wheels via a respective single-direction clutch/planetary
gearbox arrangement. Advantageously, only a single actuator
is used to immobilize the two planetary stages or of the sun
gears of the two planetary stages. Thus, for the shifting of the
gears, only a single actuator is required, and furthermore, the
simultaneous shifting of both drives is ensured.

The invention preferably relates to a shift gearbox having
two gears for an electrically driven wheel or an axle. An
electric machine is connected by a spur gear or a planetary
stage to an intermediate shaft. The intermediate shaft is con-
nected via at least one single-direction clutch, such as a free-
wheel, and via a planetary stage that is parallel to the clutch
and that has a sun gear capable of being immobilized, and to
a differential for driving the axle or to a gearwheel of a shaft
of'an axle section for driving an individual wheel. Thus, in the
first gear, the planetary stage or the sun gear of the planetary
stage is not fixed or braked, and there is a power flow via only
two toothing stages, because the planetary gear set rotates as
a block. The shift into the second gear is realized by immo-
bilizing the planetary gear set or the sun gear so that the
single-direction clutch is deactivated and the freewheel then
is overtaken.

The shift gearbox according of the invention can be used to
perform powershifts by means of brakes/clutches that interact
with the planetary stage, and by means of the single-direction
clutch, such as the freewheel. The powershift capability can
be implemented with only one actuator. Additionally, the
brake/clutch can be a dry-running brake so that slip losses are
low and efficiency is high. The first or primary gear has only
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two toothing stages in the power flow and in motion, given
that the switchable planetary gear set rotates as a block and is
not part of the power flow. Hence, there are considerable
efficiency advantages and there is no load on planetary gear
set components. Very good fail-safe characteristics are
obtained. There is thus the freewheel in the first gear and a
normally open brake or clutch for the second gear. Use of a
freewheel in the first gear, enables recuperation only in the
second gear. The freewheel may be supplemented by a clutch,
preferably a jaw clutch if recuperation capability in the first
gear is required. It is preferable for only one actuator to be
provided for the jaw clutch and the brake. In the case of this
gearbox configuration, splash lubrication can be realized,
whereby no oil pump is required. The configuration of the
gearbox requires only a minimal number of radial shaft seal-
ing rings, thus efficiency is high.

Further features of the invention will emerge from the
appended drawing and the description of the preferred exem-
plary embodiments depicted in the drawing, without the
invention being restricted to these.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates a first exemplary embodi-
ment of the shift gearbox, connected to an electric machine
and to a differential gearbox.

FIG. 2 shows a preferred bearing and seal concept for the
shift gearbox of the first exemplary embodiment,

FIG. 3 schematic illustrates a second embodiment of the
shift gearbox with a mirrored arrangement of two shift gear-
boxes, the respective shift gearbox interacting with one elec-
tric machine and a single wheel of an axle of a motor vehicle.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a shift gearbox 1 having two gears. An input
shaft 2 of the gearbox 1 has an input shaft 2 that can be driven
by an electric machine 3. The input shaft 2 is connected via a
single-direction clutch 4 to an output shaft 5 of the gearbox 1.
A planetary stage 6 or planetary gear set is arranged parallel
to the clutch 4 and is connected via a spur gear stage 23, 24 to
the output shaft 5 for driving an axle 7 of a motor vehicle and
hence the two wheels of the axle. The axle 7 has two shafts 8
and 9 connected respectively to the wheels. A differential
gearbox 10 acts between the two shafts 8 and 9, and has an
input formed by the output shaft 5.

More particularly, the input shaft 2 is an intermediate shaft.
A rotor shaft 11 of the electric machine 3 is connected rota-
tionally conjointly to a spur gear 12 that meshes with a spur
gear 13 connected rotationally conjointly to the input shaft 2
of the gearbox 1. The rotor of the electric machine 3 is
denoted by the reference numeral 14. A stage of planetary
type of construction may be provided instead of the spur gear
stage formed by the spur gears 12 and 13.

The clutch 4 is in the form of a freewheel, for example one
that uses clamping rollers. Optionally, a combination with a
jaw clutch and corresponding actuators may be provided if it
is desired for the electric machine 3 to be operated in a
generator mode, and thus in a recuperation mode, instead of
the motor mode.

The planetary stage 6 has a planet carrier 15 that holds
planet gears 16 and is connected rotationally conjointly to the
input shaft 2 of the gearbox 1. The planet gears 16 mesh with
a sun gear 17 that is connected rotationally conjointly to a
shaft 18. The shaft 18 and the sun gear 17 can be immobilized
by an actuator 19 in the form of a brake. The actuator 19 can
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be switched and clamps a brake disk or brake discs 20 con-
nected rotationally conjointly to the shaft 18, similarly to
brakes in automatic gearboxes. The brake preferably is a
dry-running brake.

The planet gears 16 also mesh with an internal gear 21 of
the planetary stage 6. The internal gear 21 interacts with an
internal gear carrier 22, which interacts with the freewheel
clutch 4. A radially outer part of the internal gear carrier 22
has a spur gear 23 that meshes with a spur gear 24 that is
connected rotationally conjointly to the output shaft 5. The
output shaft 5 and a differential casing 25 form a structural
unit.

In the first or primary gear, only two toothing stages are in
the power flow and in motion when the actuator 19 is in a
functional position where the sun gear 17 is not immobilized.
Specifically, in the first gear, the rotor 14 drives the rotor shaft
11 and the spur gear 12. The spur gear 12 then drives the spur
gear 13. The spur gear 13 drives the input shaft 2, and the input
shaft 2 drives the internal gear carrier 22 and the spur gear 23
via the freewheel clutch 4. The spur gear 23 drives the spur
gear 24, which, in turn, drives the two shafts 8 and 9 assigned
to the wheels of the motor vehicle via the differential gearbox
10. The switchable planetary stage 6 rotates as a block and is
not in the power flow.

The actuator 19 can be activated so that the brake disk 20
immobilizes the sun gear 17, and so that the shift gearbox 2 is
in the second gear (secondary gear). With the sun gear 17
stationary, the torque flow passes from the rotor 14 via the
rotor shaft 11 to the spur gear 12, from there to the spur gear
13 and into the input shaft 2, which rotates at such an angular
velocity that the freewheel is overtaken. The planet carrier 15
rotates at the same angular velocity as the input shaft 2 and the
planet gears 16 driven by the planet carrier 15 drive the
internal gear 21. Accordingly, the internal gear carrier 22
rotates at the same angular velocity as the internal gear 21.
The internal gear carrier 22 drives the spur gear 23 fixedly
connected thereto, and the spur gear in turn drives the shafts
8 and 9 via the spur gear 24 and the differential gearbox 10.

Ifa freewheel clutch 4 is used, recuperation is possible only
in the second gear due to the configuration of the gearbox in
the illustrated embodiment. The freewheel is supplemented
by a clutch, preferably a jaw clutch, if recuperation capability
in the first gear is required. It is preferable for only one
actuator to be provided for the jaw clutch and the brake.

FIG. 2 shows the bearing and seal concept. The reference
numeral 26 denotes first bearings, which, in this arrangement,
are axial bearings, and preferably axial needle-roller bear-
ings. The reference numeral 27 denotes second bearings,
which, in this arrangement, are radial bearings, and prefer-
ably radial (needle-roller) bearings. The reference numeral 28
denotes third bearings, which in this arrangement are deep-
groove ball bearings, angular-contact ball bearings, tapered-
roller bearings or cylindrical-roller bearings. The reference
numeral 29 denotes four radial shaft sealing rings. The actua-
tor 18 is a brake actuator, and may be provided in different
design variants, and may exhibit electromotive, electromag-
netic, hydraulic or pneumatic action.

The embodiment of FIG. 3 differs from FIG. 1 in that two
mirror-symmetrically arranged shift gearboxes 1, 1 are pro-
vided instead of one shift gearbox. By contrast to the embodi-
ment of FIG. 1, a common actuator 19 is provided for the
brake discs 20 assigned to the two gearboxes 1, 1, so that the
two sun gears 17 of the two gearboxes 1, 1 can be immobi-
lized and released simultaneously. At the drive output side,
the spur gear 24 does not interact with the output shaft 5
assigned to the differential gearbox 10. Rather, the output
shaft 5 is connected fixedly to the respective shaft 8 or 9. The
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embodiment of FIG. 3 is an individual-wheel drive for the
wheels 30 of the axle 7 of the motor vehicle. The respective
shaft 8 or 9 interacts with the wheel 30 assigned thereto via an
articulated shaft 31.

The embodiment of FIG. 3 with the two shift gearboxes 1,
1, operates in substantially the same way as the embodiment
of FIG. 1. The bearing concept of the embodiment of FIG. 3
corresponds to the embodiment of FIG. 1. With regard to the
seal concept, six radial shaft sealing rings are provided in the
embodiment of FIG. 3.

The arrangement of FIG. 1 may be regarded as a base
solution or drive which, when provided in duplicate, yields
the arrangement of FIG. 3, in the manner of a modular system.

What is claimed is:

1. A shift gearbox having first and second gear ratios, the
gearbox comprising:

an input shaft that can be driven by an electric machine,

a clutch for connecting the input shaft to an output shaft of

the gearbox,

a planetary stage arranged parallel to the clutch, the plan-

etary gear stage having:

a sun geat,

planetary gears surrounding and engaged with the sun
gear and being connected to the input shaft, and

a gear carrier having an internal gear surrounding and
engaged with the planetary gears and having an exter-
nal toothing connected to the output shaft of the gear-
box for driving a wheel of a motor vehicle, or an axle
that has wheels; and

a brake actuator for selectively immobilizing the sun
gear so that the planetary stage is switchable between
a condition where the sun gear is rotatable so that all
of'the planetary stage rotates without being in a power
flow from the input shaft to the output shaft to define
the first gear ratio and an immobilized condition
where the input shaft rotates the planet gears about the
immobilized sun gear to define the second gear ratio.

2. The shift gearbox of claim 1, wherein the input shaft is an
intermediate shaft, the electric machine having a rotor shaft
connected to the input shaft via an input spur gear.

3. The shift gearbox of claim 2, wherein the clutch is a
clutch with non-positively locking or positively locking
action.

4. The shift gearbox of claim 3, wherein the clutch is in the
form of a freewheel.

5. The shift gearbox of claim 3, wherein the clutch is in the
form of a switchable clutch.

6. The shift gearbox of claim 5, wherein the switchable
clutch is a jaw clutch.

7. The shift gearbox of claim 1, wherein the clutch is a
switchable clutch that acts in one direction of rotation in one
switching position and acts in an opposite direction of rota-
tion in another switching position.
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8. The shift gearbox of claim 1, wherein the clutch can
place the input shaft in operative connection with the internal
gear of the gear carrier of the planetary stage.

9. A shift gearbox having two gear ratios, the gearbox
comprising: an input shaft that can be driven by an electric
machine, the input shaft being connected via at least one
single-direction clutch to an output shaft of the gearbox, a
planetary stage being parallel to the clutch and being con-
nected to the output shaft of the gearbox for driving a wheel of
a motor vehicle, or an axle that has wheels, wherein the
planetary stage is switchable, the clutch being configured to
place the input shaft in operative connection with an internal
gear carrier of the planetary stage that is arranged parallel to
the clutch, the internal gear carrier being connected to the
output shaft of the gearbox, and wherein the internal gear
carrier has an external toothing that interacts with a spur gear
connected rotationally conjointly to the output shaft.

10. A shift gearbox having two gear ratios, the gearbox
comprising: an input shaft that can be driven by an electric
machine, the input shaft being connected via at least one
single-direction clutch to an output shaft of the gearbox, a
planetary stage being parallel to the clutch and being con-
nected to the output shaft of the gearbox for driving a wheel of
a motor vehicle, or an axle that has wheels, wherein the
planetary stage is switchable, and wherein a sun gear of the
planetary stage can be immobilized for shifting the gear
ratios.

11. The shift gearbox of claim 10, further comprising a
brake actuator for immobilizing the sun gear.

12. The shift gearbox of claim 1, wherein the brake actuator
is a dry-running brake.

13. The shift gearbox of claim 1, wherein the gearbox
drives wheels arranged on both sides of the motor vehicle, the
output shaft interacting with a differential gearbox of two axle
sections of the axle of the motor vehicle.

14. A shift gearbox assembly comprising first and second
mirror symmetrical shift gear-boxes for driving first and sec-
ond wheels on a single axle of a motor vehicle, the first and
second gearboxes respectively having first and second input
shafts that can be driven respectively by first and second
electric machines, the input shaft of each of the gear-boxes
being connected via at least one single-direction clutch to an
output shaft of the respective gearbox, each of the gear boxes
further having a planetary stage parallel to the respective
clutch and being connected to the output shaft of the respec-
tive gearbox for driving one of the wheels of a motor vehicle,
wherein the planetary stages are switchable and have sun
gears that can be jointly immobilized.

15. The shift gearbox of claim 14, wherein a single actuator
is operatively connectable with the sun gears of the planetary
stages.

16. The shift gearbox of claim 15, wherein the single direc-
tion clutches of the gearboxes are switchable clutches that can
be switched by the single actuator.
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